We analysed 385 galactic spectra from the Sloan Digital Sky Survey Data Release 7 (SDSS-DR7) that belong to the catalog of isolated pairs of galaxies by Karachentsev. The spectra corresponds to physical pairs of galaxies as defined by V 1200 Km/s and a pair separation 100 kpc. We search for the incidence of nuclear activity, both thermal (star-forming) and non-thermal -Active Galactic Nuclei (AGN)-. After a careful extraction of the nuclear spectra, we use diagnostic diagrams and find that the incidence of AGN activity is 48 % in the paired galaxies with emission lines and 40% for the total sample (as compared to ∼ 43 % and 41% respectively in a sample of isolated galaxies). These results remain after dissecting the effects of morphological type and galactic stellar mass (with only a small, non significant, enhancement of the AGN fraction in pairs of objects). These results suggest that weak interactions are not necessary or sufficient to trigger low-luminosity AGN. Since the fraction of AGN is predominant in early type spiral galaxies, we conclude that the role of a bulge, and a large gas reservoir are both essential for the triggering of nuclear activity. The most striking result is that type 1 galaxies are almost absent from the AGN sample. This result is in conflict with the Unified Model, and suggests that high accretion rates are essential to form the Broad Line Region in active galaxies.
INTRODUCTION
One of the outstanding problems in the understanding of the Active Galactic Nuclei (AGN) phenomenon is the feeding processes of the central Supermassive Black Hole (SMBH). The gas fueling may be driven from extragalactic to galactic, and further to nuclear scales. The main proposed mechanism to induce gas inflow to the centre of galaxies, on the extragalactic and galactic scales, consists primarily of interactions with other galaxies (Barnes & Hernquist 1992; Hopkins et al. 2005; Springel, Di Matteo, & Hernquist 2005; Cox et al. 2008; Ellison et al. 2008; Knapen & James 2009) . In this paper we address observational evidence of the role of gravitational interactions in inducing nuclear activity.
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Studying the Environment of AGN
In the past 20 years several efforts have focused in the study of the environment of AGN, in an attempt to elucidate this question from an observational point of view. Most of the investigations have dealt with samples of Seyfert galaxies, because these are the closest clearly nonthermal dominated active nuclei. Low Ionization Nuclear Emission Regions (LINERs) are easy to observe, however, the nature of the dominating emission mechanism is still debated (Krongold et al. 2003; González-Martín et al. 2007; González-Martín et al. 2015) . Starburst phenomena (particularly circumnuclear) have also been included as a type (and/or part) of activity. The first authors to propose a Starburst-AGN connection were Perry & Dyson (1985) . An excellent review on this topic can be found in Storchi-Bergmann (2008) .
The first studies of the extragalactic influence on AGN, were devoted to investigate the difference in the environment between active and non-active galaxies, without distinguishing activity type, (Dahari 1984 (Dahari , 1985 . But soon it became clear that it was necessary to distinguish between type 1 and type 2 AGN (and even Starburst or enhanced Star Forming activity). More recently, the importance of making a difference between close and large scale environment has become clear. Seminal studies were affected by the lack of clear sample definitions, statistical biases and also biases introduced by sample selection effects. All these methodological problems yielded contradictory results that can be found in the literature for over more than 20 years; from Stauffer (1982b,a) to Koulouridis et al. (2013) . One of the first discussions of these effects is given in hereafter DH99, and a detailed account of these different results is reviewed and analyzed by Sorrentino et al. (2006) .
As more refined studies have been performed, it has become clear that Seyfert 2 galaxies are in interaction with the same frequency than Star-Forming Galaxies (SFG) (Krongold et al. 2001; Storchi-Bergmann 2008) , while Seyfert 1 galaxies are in interaction less frequently. Seyfert 1s are found with close companions comparably as often as non-active galaxies (Krongold et al. 2002, DH99) . The most recent studies confirm these findings considering only physical companions, i.e. not only from statistical considerations, but from actual measurements of radial velocities for the neighboring galaxies (Koulouridis et al. 2006a,b) . From a statistical point of view, Sorrentino et al. (2006) have made the comparison of the environment of AGN, SFG and normal galaxies, for a complete sample of 1829 Seyfert galaxies (725 Sy1 and 1104 Sy2) and 6061 SFG from the Fourth Data Release (DR4) of the SDSS. This study fully confirms the results found by DH99 and by Koulouridis et al. (2006a,b) . The authors state that for close systems ( 100 kpc) they find a a higher fraction of Sy2 compared to Sy1 in agreement with DH99, moreover, the frequency of Sy2 is similar to that of SFGs. The most recent confirmation of this result comes from Villarroel & Korn (2014) . At large scales however, there is no strong evidence of a denser environment for AGN compared to "normal" galaxies, in agreement with Schmitt (2001) and Koulouridis et al. (2006a) . Any difference in the large-scale environment of Sy2 and Sy1 is more related to the morphological type of the host rather than to activity (see also Márquez & Masegosa 2008).
A Complementary Approach: Studying the Incidence of Nuclear Activity in Interacting Galaxies
In all of the former analysis, the environment of well defined samples of active vs. non-active galaxies were compared. In the present paper we adopt a complementary approach. We study the incidence of nuclear activity in a well defined sample of interacting galaxies. We focus on the sample of the Catalogue of Isolated Pairs in the Northern Hemisphere (Karachentsev 1972) . In order to quantify the incidence of nuclear activity in the pairs of our sample, we distinguish three morphological pairs; 1) Elliptical plus Elliptical pair (E+E) considering galaxies with spheroidal morphology S0, 2) Elliptical plus Spiral pair (E+S) and 3) Spiral plus Spiral pair (S+S) There has been efforts in the literature to asses the incidence of AGN in pairs of galaxies. Galaxies in elliptical pairs (E+E) have shown an enhancement on the level of recent star formation relative to a control sample of early-type galaxies (Rogers et al. 2009) . After a first stage of an encounter that triggers residual star formation, a more efficient inflow of gas towards the centre may switch the object to an AGN phase. Thus the possibility that external perturbations may enhance the frequency of nuclear activity among galaxies has been suggested by previous studies Krongold et al. 2002 Krongold et al. , 2003 Rogers et al. 2009; Ellison et al. 2011; Villforth, Sarajedini, & Koekemoer 2012; Liu et al. 2012) and supported later by mid-IR spectroscopy (e.g. Mendoza-Castrejón et al. 2015) .
Mixed galaxy pairs (E+S) are a unique laboratory to study the effect of tidal forces in triggering nuclear activity because they are relatively simple systems where a gas rich galaxy interacts with a gas poor one. In such systems a clean interpretation of the origin and evolution of the fueling material is possible. Mixed pairs minimize the role of the relative orientation and pair component spin vectors, in driving interaction-induced effects (Keel 1993) . Since the late-type spiral component is the primary source of gas in a mixed pair, it is therefore expected to be the site of all or most star formation and nuclear activity, although recent results have shown evidence of star formation and AGN activity in a non-negligible fraction of the early type components of the pairs (de Mello et al. 1995 (de Mello et al. , 1996 Domingue et al. 2005 , based on IRAS data). The presence of AGN activity on the early type components can be directly confirmed by means of spectroscopic data (Dultzin et al. 2008; Coziol et al. 2011; Sabater et al. 2012) .
Previous studies, based on spiral-spiral pairs (S+S), have shown that starburst and possibly AGN activity in galaxies may be triggered by interactions. Kennicutt & Keel (1984) studied a sample of 56 nearby spirals in pairs vs. a control sample of 86 non-interacting galaxies, and found that interactions induce an enhancement of the level of nuclear activity. Furthermore, they also found a significant fraction of Seyfert or Seyfert-like type nuclei. However, these studies have searched for activity without distinguishing between thermal (starburst, hereafter SB) and non-thermal (properly an AGN) activity. Thus they have not addressed the incidence of type 1 vs. type 2 AGN in pairs of galaxies.
The incidence of AGN in groups have also been addressed by several authors. Martínez et al. (2008 Martínez et al. ( , 2010 ) studied compact groups of galaxies, consisting of associations of 4 galaxies or more with very high local densities in an rather isolated large scale environment. A high frequency of nuclear activity is observed for 270 galaxies in 64 Hickson compact groups. In particular it is found that among the emission line galaxies (63% of the whole sample), 45% show a pure AGN, 23% have a composite spectrum and 32% show nuclear star formation. In all cases, the nuclear activity is manifested as low luminosity AGN and there is a statistically significant deficiency of type 1 AGN as compared to field galaxies. Bitsakis et al. (2015) study the evolution of the nuclear activity and how it has been affected by the dense environment of the groups. Their analysis is based on the largest multiwavelength compact group sample to-date. They observe that over the past 3 Gyr, there has been an enhancement of 15% in the number of the AGN-hosting late-type galaxies. This enhancement is accompanied by the corresponding decrease of their circumnuclear star formation. These authors also show that at any given stellar mass, galaxies found in dynamically old groups are more likely to host an AGN, than those in young groups.
When going to richer environments, such as clusters of galaxies, the AGN fraction decreases. However, the results seem to depend on the methods to search for the AGNs. In X-rays, AGNs are detected with low fraction (∼5-8%; Martini, Mulchaey, & Kelson 2007) , with an increasing frecuency at higher redshift and AGN luminosity (Martini et al. 2013 ). In the optical Popesso & Biviano (2006) found a LLAGN fraction of 15 to 21%, when analysing SDSS spectroscopy of 324 nearby clusters. They report a clear increasing trend of the AGN fraction as the cluster velocity dispersion decreases and the merging rate increases. All these richness of results clearly indicates that in order to elucidate the exact effect of interactions on triggering AGN, it is mandatory to go to systems such as isolated pairs of galaxies, where the effects of single galaxy-galaxy encounters (and the lack of further perturbations) can provide a clear answer.
In this work, we study the incidence of nuclear activity in a well defined sample of galaxy pairs. Host spectra galaxy extraction and line emission measurements have been performed systematically in order to make a good quantification of the data. We define the activity type of AGN and separate between Seyfert and LINER nuclei.
In the following section we present the sample and data analysis ( §2), where an optical classification by diagnostic diagrams is performed. On §3 we present our results on the incidence of nuclear activity. Discussion takes place on §4. On section 5 we present the final conclusions of this work. Throughout the paper, we compare our results on pairs of galaxies, with those of a rigorously defined sample of isolated galaxies (results by our group: Hernández-Ibarra et al. 2013, hereafter H-I13) . The methods and analysis between H-I13 and this work are fully self-consistent, which warrants a direct and reliable comparison. H-I13 analyze to different samples of isolated galaxies. Throughout the paper we compare with the results over the sample defined with the catalogue of isolated galaxies (CIG; Karachentseva 1972), for which we obtain more reliable results (as discussed in H-I13).
SAMPLE AND DATA ANALYSIS
This study is based on the Catalog of Isolated Pairs of galaxies (Karachentsev 1972, CPG) that contains nearly 600 galaxy pairs. The catalogue is based on a visual search of the Palomar Sky Survey with δ -3 o . The majority of the objects have high galactic latitude b 20 o (in order to avoid galactic extinction) and magnitude limit mZw 15.7. Karachentsev (1972) used a strong pair-isolation criterion in terms of the apparent angular separation between pairs ( 100 Kpc). The criteria used to build the CPG can be resumed by the following relations:
where j = 1, 2 correspond to the pair components and i is the nearest neighbour, a represents the major-axis diameter and x the apparent separation. The overall completeness of this catalogue has been estimated in ∼ 90 % (Hernández Toledo et al. 1999) . We obtain all the available spectra for our sample from the Sloan Digital Sky Survey Data Release 7 (SDSS-DR7) (Abazajian et al. 2009 ). The spectra have a wavelength coverage from 3800-9200Å and a resolution of 1800-2200 with a signal-noise >4 per pixel at g=20.2. We find that 99% of the objects in our sample have a r-magnitud brigther than the SDSS spectroscopic limit (r = 17.77), thus our sample has a high completeness. We note that in several cases, only one of the member of the pairs have spectroscopic data, and thus, only that object is included in the analysis. The total sample consists of 385 galaxies for which spectral data is available. Tables A1, A2 , and A3 present the samples for the different types of pairs.
We note that the SDSS spectra were taken through a fibre aperture of 3 arcsec in diameter (corresponding to 1.25 kpc at a redshift of 0.02). This guarantees that the nuclear region of the galaxies was observed. However, the collected integrated spectroscopic area is large enough to include stellar light contamination. This contamination turns out to be more significant at the central parts of the galaxies as the spheroidal/bulge component becomes more relevant. There- fore, in order to obtain a reliable nuclear classification based on the emission lines it is mandatory to subtract the stellar contribution. We applied the principal component analysis (PCA) method following Hao et al. (2005) to subtract this contribution. We used their first 8 eigenspectra from their low redshift range. These eigenspectra are the resulting eigenvectors of a PCA analysis applied to a sample of high S/N spectra of non-emission galaxies. In addition, as they pointed out, we included two more components, an A star spectrum accounting for the possible presence of poststarburst features and a power-law to take into account the possible existence of a non-thermal component. The analysis is performed for all the spectra of our sample and it consists on a multiple regression of each spectrum to a linear combination of the 8 eigenspectra plus the two additional components. Previously to the fit each galaxy spectrum was moved to zero redshift which is the one of the template library. We also masked all those regions where emission lines may appear since the quality of the fit lies on the matching of the continua. Once the regression is performed, the direct subtraction of the resulting fit to the original (z=0) spectrum provides us with a pure emission line spectrum where all the underlying absorption components and eventually a non thermal component of the continuum are removed. With a clean emission line spectrum at hand, we focused in measuring the intensity of the 7 strongest emission lines:
λλ6717,31. We consider clear line detections those features with a signal to noise ratio (S/N) 3. In our measurements, we were careful to distinguish between intrinsic no detected emission (to a given flux limit) and a lack of detectability related to low S/N data. For this purpose, we set a threshold of 10 38 erg s −1 in the Hα luminosity. We consider galaxies below this threshold as true non-emission objects (according to our results, the probability that a galaxy with such low Hα luminosity is an AGN is less than 2%, which gives high robustness to our results). Objects with no detected lines, but a 3 σ upper limit larger than this threshold in the Hα line are not included in the results, as it is not clear whether these are no-emission line galaxies, or just objects with poor data quality. In this way a systematic and self-consistent luminosity limited analysis is warranted. The distribution of morphology and Hα luminosity of our sample (presented for each morphological pair type) are presented in Fig. 1 .
From our 385 spectra, 63 are true non-emission objects, 9 do not have all the 7 emission lines detected with a significance above 3 σ, 4 have problems with the host galaxy spectra subtraction, and 1 does not have the optic fibre in the galaxy centre. Objects with detections below 3 σ, without good subtraction and with the fibre off the center were not included in this work (14 objects).
Fluxes were calculated with the Sherpa software (http://cxc.cfa.harvard.edu/sherpa/) which comes in the CIAO distribution, http://cxc.harvard.edu/ciao/. This program fits emission lines with Gaussians.
We evaluated the line intensities using two methods to fit the lines (see full description in H-I13). The first one consisted in constraining the width and velocity to the same value in our fits for two separated groups of lines, forbidden and permitted. Therefore, these fits included four free parameters in our models: the width and velocity of the forbidden and the permitted lines. An additional free pa-rameter for each line in the model was the intensity. The second method constrains the width and velocity for all the detected lines (independently of whether they were permitted or forbidden) to have the same value (i.e. only two free parameters to model all lines) plus an additional free parameter for the intensity of each line. Our results show that both methods are equivalent without any substantial difference. We report here the emission line intensities obtained with the second method that has less free parameters. We note that for those objects where a broad component was required in addition to the narrow one, an individual broad Gaussian was fitted with fully independent free parameters.
Figs. 2 and 3 show the morphological type and mass distributions respectively for the galaxies in the three subsamples of galaxy pairs. In Fig. 4 we show the AGN and HII activity fraction versus the logarithm of stellar mass per bin, derived for our entire sample.
Optical classification
The optical classification was performed using diagnostic diagrams (Baldwin et al. 1981; Veilleux & Osterbrock 1987 We further notice that we consider AGN all objects meeting the requirements described above, and a large fraction of these may be LINERs. Thus, some of these objects might be powered by other processes rather than accretion ( §1).
In Figure 5 , we present diagnostic diagrams for the (E+E) pair sample. Panel (a) shows the [N II] diagram. We define different regions to separate galaxies with an AGN, composite galaxies (whose ionization fractions contain contributions from both an AGN and star formation processes), and star forming galaxies (we do not distinguish starburst from star forming galaxies, as this would require a robust measurement of the star formation rate). We use the "maximum starburst line" (Kewley et al. 2001, hereafter Ke01) , to separate galaxies with an AGN from star forming objects (green dashed line in Fig. 5a ), and the empirical line from Kauffmann et al. (2003, hereafter Ka03) to distinguish between pure star forming galaxies from AGN-star-forming composite objects (continuous red line). Galaxies between the two classification lines are the composite objects, meaning that they contain metal-rich stellar population and AGN features in their spectra. They consist of a circumnuclear star forming region surrounding a Seyfert or LINER nucleus.
Panel ( In this work, we consider composite galaxies as AGN, because they require a non-thermal continuum component to produce the level of ionization detected in their lines, that indicates the presence of (low) accretion rates into black holes. This is further supported by the fact that composite galaxies present a X-ray hard emission, and are considered AGN in other types of diagnostic diagrams such as the TBT diagram (see Trouille et al. 2011 ).
Morphological Classification
As mentioned earlier, we check the morphological classification of the galaxies in our sample. In a few cases the morphology was changed from that in the literature. These are outlined below. We find that KPG 466B is clearly a spiral in the Sloan image and thus is considered in the (S+S) sample. According to NED, KPG 167A has elliptical type, but a spiral structure is evident from the Sloan image. KPG 167B belongs to the Sb type according NED, yet it can be clearly seen as an elliptical in the SDSS. KPG 466A presents emission lines with a double component, in both the permitted and forbidden lines. This might be due to a circumgalactic ring that can be clearly distinguished in the Sloan image. Finally, the morphological classification of KPG 419A was obtained from a surface photometry study by Franco-Balderas et al. (2004) in order to avoid the existent ambiguity between NED, SIMBAD and HYPERLEDA data. We further checked the morphology of our galaxies with those classifications in the Galaxy Zoo (Lintott et al. 2008 ) and in the Nair & Abraham (2010) samples. As described in Lintott et al. (2008), we only used the morphological classifications of Galaxy Zoo with >80% confidence. However, only a fraction of our galaxies were available in those catalogs (250 in Galaxy Zoo and 120 in Nair & Abraham, with 118 being common). Comparing these classifications with the ones we use in the paper, we find an agreement for > 75±4% of the ellipticals and S0s, and ∼ 95±4% of the Spirals. Interestingly, when comparing the classifications of Galaxy Zoo and Nair & Abraham for our 118 galaxies they have in common, we find they disagree in about 10% of them (with a larger disagreement in early types), thus stressing the difficulty of classifying the morphologies of galaxies using various methods. 
Blue dashed line represents Seyfert/LINER line. Elliptical galaxies can be seen on filled gray triangles, lenticular on green crosses and the black crosses down on the right represents the mean error data. Morphological classification is show to every object, elliptical galaxies can be seen on filled gray triangles, lenticular on green crosses, Sa on blue asterisks, Sb red squares with point, Sc filled cyan squares and Sm yellow pentagons. Mean error data are represented by the black cross down at right.
Stellar Mass of the Galaxies in the Samples
The stellar masses were calculated using the formula described in Bell et al. (2003, ApJS 149, 289) . In this case we have used 2MASS K-band fluxes (thus, aK = −0.283, bK = 0.091), since they probe the old stellar populations which contribute the most to the stellar mass of galaxies.
For the color parameter, we have used the u'-r' colors of the SDSS. The distribution of the redshift in our galaxies is 0.00052<z<0.0491 (thus they are local). Since we are using 2MASS K-band to constrain the stellar mass of the galaxies, there is no need to scale to total fluxes from SDSS. We also note that at this band the extinction from dust is minimum. We cross-correlate our stellar masses with those presented in SDSS DR10 (the 97.5 percentile total stellar masses) which were estimated using the method described in Kauffmann et al. (2003) . Since Bell et al. (2003) is using a Salpeter IMF and Kauffmann et al. (2003) is using Krupa IMF, we multiply the second by a factor of 1.5 to convert them into Salpeter. Stellar masses calculated with both methods are very similar and they display a dispersion of 0.15dex (Bell et al. reports an expected scatter of 0.1-0.2dex). However, towards stellar masses lower than 10 10 M⊙, there is a systematic overestimation of the Bell et al. (2003) method by 0.35dex. This difference could originate from the different calibrations in the estimators, but has a negligible effect in our results.
RESULTS
Tables 1 to 3, show our results using the [N II] diagnostic diagram for the (E+E), (E+S), and (S+S) pairs of galaxies, respectively. These Tables present the fraction Our results indicate that 48% of the emission line galaxies in pairs show the presence of nuclear (non-thermal) activity. When galaxies that do not show emission lines (according to the quantitative definition given in §2) are included in the calculations, this frequency decreases to 40%. We can compare this incidence with the sample of isolated galaxies by H-I13. Isolated objects with emission lines present nuclear activity in ∼ 43% of the cases, and ∼41% for the total sample (again, including non-emission galaxies; we note here that the definition of non-emission galaxies follows a self-consistent approach in this paper and in H-I13). This difference is clearly not statistically significant, indicating that interactions are not a sufficient condition in producing nuclear activity. However, it is important to note that these results are based on our complete sample, and kind of interaction in the pairs (S+S, E+E, or E+S), as well as morphological and mass distributions among the different samples are different. Thus, the results on the total sample might be leaded by these different properties. One of the aims of the present work is precisely to separate these different effects. Table 7 presents our results as a function of type of interaction for the different morphological classification of the objects. It can be observed that late type galaxies in (S+S) pairs have similar frequency of AGN than isolated galaxies. However, spirals in (E+S) pairs type galaxies have a frequency ∼10 % larger than (S+S) and isolated galaxies. These results do not change if only galaxies with emission lines or the total samples are considered. The difference between the (E+S) pairs and the isolated and (S+S) pairs is of the order of the Poisson error in the measurements (10%), so not significative. As can be observed in the Table, the difference is mainly driven by the larger fraction of AGN in Sb galaxies that are members of the (E+S) pairs, that host an AGN 15-20% more often than Sb galaxies in the other groups. However, due to the smaller number statistics, the Poisson error on this sample is similar to the difference. Observing at early type galaxies with emission lines in (E+S) and (E+E) pairs, we can observe that they have a high fraction of AGN in their nuclei, but comparable with the frequency observed in isolated galaxies. When galaxies without emission features are considered, the fraction decreases, but remains similar among the samples, with the only difference that galaxies in (E+E) pairs seem to have a ∼ 2σ (17-18%) smaller fraction of active galaxies.
Overall, it is clear from Table 7 that the main factor in the presence of AGN in galaxies is the morphological type. If only emission line objects are considered, Early type galaxies have the largest fraction, decreasing monotonically as the galaxies are of later type. However, when all objects are taken into account, the fraction of AGN in early types decreases, and the largest fraction of AGN are found in Sa and Sb galaxies.
As shown by H-I13 the mass of the galaxies is another dominant factor in determining the AGN fraction in galaxies. We find the same trend in our samples of paired galaxies. As can be seen in Figure 4 , for galaxies with masses larger than 10 10.5 M⊙, the fraction of galaxies hosting an active nucleus raises above 50%. For masses larger than 10 11 M⊙, nearly all objects have an AGN component. Given that there is some relation between the morphological and the mass distributions in galaxy samples this result is not entirely surprising. However, there is more to it than this simple link between morphology and mass. A direct comparison (independent on morphology) suggests that paired galaxies in massive objects tend to host AGN more often than isolated galaxies at a single mass value, as observed in Figure 10 . However, when one takes into account both the morphology and mass distribution in the samples this strong difference vanishes. This is observed in Figure 11 , where the fraction of AGN is plotted for early and late type galaxies (as function of type of interaction) for the total sample and for objects with masses 10 10.0 M⊙ and 10 10.5 M⊙. For this plot, only objects with emission lines are considered, and to avoid small number statistics, all spirals have been grouped as Late type objects, while E and S0 have been grouped as early type. It is clear from this Figure, that any differences in AGN fraction for late type objects are of the 10% (similar to the error), and that early type objects show strikingly the same fraction independently of the environment and type of interaction. In fact, from this plot it is clear that early type galaxies showing emission lines are almost all AGN, and this fraction decreases towards later types. We note however, that when galaxies without emission lines are considered, early type galaxies show a lower fraction of AGN when compared to later types (as found for the entire sample), even at high masses.
The most striking result in our analysis is that in all the 385 revised spectra, only 4 objects present AGN type 1 activity, which represents ∼ 1% of the sample. This result does not seems to support the unified model at least in its simpler version.
DISCUSSION
We have made a comparison of the incidence of nuclear activity in a sample of paired galaxies with the incidence in a sample of isolated galaxies. All our samples were analyzed in a homogeneous and consistent way. This comparison has been done separating according to morphological types and stellar masses.
Our results confirm that there is a link between morphology and nuclear activity. When galaxies with and without emission lines are considered (the entire samples), early type spirals host the larger fractions of AGN. The incidence of activity shows a growing distribution from E to Sb morphological types, decreasing sharply for later types. When only galaxies with emission lines are considered, the incidence of AGN activity in Elliptical and Spheroidal galaxies is particularly large (around ∼75 %, almost all LINERs). This incidence is similar in both isolated and paired galaxies. This means that if an early type galaxy shows emission lines, it is very likely that it hosts nuclear activity. For spiral galaxies with emission lines (both paired and isolated), the incidence of AGN activity (versus star forming objects) decreases gradually form early to late type galaxies, in other words, as the size of the bulge decreases. Similar results Figure 11 . Fraction of AGN, considering only galaxies with emission lines, in the different type of pairs and in isolated galaxies as a function of morphological type for three different ranges of mass: (Left) All galaxies; (Center) Galaxies with mass > 10 10 M ⊙ ; and (Right) Galaxies with mass > 10 10.5 M ⊙ . No significant excess of AGN in interacting galaxies is observed when galaxies with similar masses and morphologies are considered. The fraction of AGN in spirals can be readily understood considering that both the presence of a dominant bulge and a large reservoir of gas are required to canalize gas and feed a supermasive black hole (SMBH). The large fraction of AGN in Ellipticals when only emission line objects are taken into account may be explained from the fact that, when these galaxies have some supply of gas (either its own, or accreted from the companion), it can reach the inner regions easily and feed the SMBH (rather than stop in the way to the center and produce star formation). When non-emission line galaxies are also considered, the fraction of AGN in early types decreases significantly, since there is a larger number of non-emitting sources in this samples, considering that in early galaxies there is negligible ongoing star formation. The fraction of Seyfert nuclei increases from early to late types. Only ∼ 4% of the galaxies in (E+E) pairs host a Seyfert nuclei (∼ 12% of the AGN in (E+E) pairs). However, the fraction of Seyfert nuclei rises to ∼ 10% in (E+S) pairs (∼ 28% of the AGN in this kind of pairs), and to ∼ 14% in (S+S) systems (∼ 42% of the AGN in (s+S) pairs). These trends may result from the limited supply of material in early type objects.
A striking and surprising result is that isolated and paired galaxies yield similar levels of nuclear activity incidence, with only marginal indication for an enhancement in interacting, late type objects. The lack of differences appears to be independent of mass. This suggests that this type of relatively weak (i.e. tidal) interaction between low luminosity galaxies is not a dominant triggering force of nuclear activity, at least, for low luminosity AGN (LLAGN), as the ones found in the pairs of galaxies and in isolated objects. Although there is clear evidence that more luminous AGN can be triggered by interactions (see §1), the latter are clearly not a sufficient condition for the onset of a SMBH. Perhaps, stronger gravitational interactions (such as a very close encounter and of course mergers) are needed for gravitational triggering of activity.
Interactions are not a necessary condition either for the existence of these LLAGN, since the fraction of isolated galaxies hosting such a nucleus is large and comparable to pairs of galaxies. Taken at face value, our results indicate that, although non-axysimetric perturbations (such as bars or interactions) are important in AGN triggering, the exact necessary and sufficient processes to form an active galaxy (either of high or low luminosity) remain a mystery. Overall, these results indicate that secular evolution processes (see H-I13) can trigger/maintain low luminosity AGN activity, and as such might be important in some processes of the galaxy. However, as discussed by H-I13, AGN with such low luminosities and accretion rates (0.001 − 10 −5 M⊙/yr ) galaxies cannot grow their central black holes through these low-level activity, nor can they evolve from one type of object to another.
Perhaps, the more relevant result from this work is the fact that out of the 150 AGN galaxies in pairs, only 4 have (albeit a small) broad component: We find one 1.9 Sy, two 1.8 Sy and one 1.5 Sy. Not even one type 1 Sy. This result is at odds with the simplest formulation of the unified model (UM) (Antonucci 1993) , which takes into account orientation and obscuration effects only. An evolutionary scheme, on the other hand, may explain this result. A Seyfert 1 may require as much as 1 Gyr after an interaction to appear (Krongold et al. 2002) . In this case, an interaction may trigger first a circumnuclear starburst, and subsequently nonthermal nuclear activity. Such scheme could explain the lack of type 1 nucleus in these pairs of galaxies, considering that there has not been enough time for the Sy 1 nucleus to appear. However, the lack of enhancement in the fraction of AGN in the pairs of galaxies, when compared to isolated objects, would require that we are seeing these pairs on its initial approach. Whether this is the case or not, our results are consistent with the idea that the BLR in active galaxies can only be formed at higher luminosities/accretion rates (e.g. Nicastro 2000, Elitzur & Ho 2009). Winkler (1992) . Tables A1, A2 , and A3 present the samples for the different types of pairs. Winkler (1992) .
APPENDIX A: SAMPLES OF (E+E), (E+S), AND (S+S) PAIRS

